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It can be easy to overlook the fact that a genome sequence is
composed of two halves—the individual haplotypes from
each parental chromosome. To fully interpret a DNA
sequence, one must have haplotype information that
assigns genetic variation to one copy of a gene or the other.
For a recessive trait, for instance, mucking up one copy of
the gene in 50 different ways would not lead to the trait,
whereas the simple presence of two mutations—one in
each copy of the gene—could. Although thousands of indi-
vidual human genomes have now been sequenced, only
a handful of them have been assembled into haplotypes
on a genome-wide level. There are various ways to do
this, but they tend to be expensive and laborious processes
that aren’t feasible on a large scale. Peters et al. recently
described a DNA-sequencing and haplotyping method
called long fragment read (LFR) technology, which uses
minute amounts of DNA and does not involve a cloning
step. The basic principle is one of dilution. They separate
a DNA sample into different wells in a 384-well plate such
that the likelihood is negligible that the same genomic frag-
ment from both parental chromosomes would be placed
into the samewell of the plate. TheDNA is then fragmented
in a precise fashion with a novel method and ligated with
adapters before being pooled and sequenced. The barcoded
adapters can be used for grouping sequences into haplo-
types. Peters et al. assessed the accuracy of the LFR method
by using previously haplotyped samples, and they estimate
a genome error rate of 1 in 10 Mb. Perhaps with this
approach, we will be better able to understand the two
halves of many whole genomes.
Peters et al. (2012). Nature 487, 190–195.
Gone Wrong
Chromosome aneuploidy is an error that happens by
chance. The likelihood that this type of mistake will occur
increases sharply with maternal age and is also influenced
by the number and location of recombination events on
chromosomes. Most of what we know about aneuploidy
has been gleaned from families in which a child is born
with a trisomy or in which a miscarriage has occurred
because of chromosome aneuploidy. Handyside et al. took
a new look at the chromosome-segregation mistakes that
lead to aneuploidy by using in vitro fertilization (IVF)
samples from 34 couples. What they found is that when
things go wrong, they really go wrong; in greater than1Department of Human Genetics, Emory University School of Medicine, Atlan
*Correspondence: kgarber@genetics.emory.edu
http://dx.doi.org/10.1016/j.ajhg.2012.07.013. 2012 by The American Societ
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was present in the wrong dose. To get a handle on why this
happens, the researchers decided to figure out when it
happens. They matched whole-genome comparative-
genomic-hybridization-array results frombothpolar bodies
and the corresponding zygote inorder to decipher the likely
meiotic stage at which segregation errors occurred. In
contrast to natural conceptuses, in which aneuploidy tends
to result from nondisjunction in meiosis I, over half of the
errors in the IVF samples occurred in meiosis II. Of those
errors that did occur in meiosis I, most were the result of
premature separation of sister chromatids rather than
nondisjunction, which is what we see more commonly in
natural conceptuses. The authors question whether
ovarian-stimulation procedures play a role in these meiotic
errors, but whether this is true remains to be seen.
Handyside et al. (2012). Eur J Hum Genet. 20, 742–747.
Ultimate Journeys
Shows like Survivor and Man versus Wild might seem like
the ultimate travel experiences, but they pale in compar-
ison to the trek taken by the Siberian travelers who peopled
the Americas. The major wave of migration that gave rise
to the Native American populations occurred approxi-
mately 15,000 years ago, and analyses of DNA markers—
typically on the Y chromosome or in the mitochondrial
genome—in Native American populations has suggested
that only one migration group was brave and hardy
enough to succeed in this trek and contribute to the
modern populations. Not so, say David Reich and Andres
Ruiz-Linares, whose research groups recently used high-
density SNP genotypes to get a higher resolution look at
the genetic connections between Native American popula-
tions and populations from other parts of the world.
Although there was one dominant migration that contrib-
uted to the Native American populations, two subsequent
smaller waves mixed with the Americans who came from
the first wave, and the descendents of these later migra-
tions can be found in modern populations residing in
northern North America. Admixture between the
migrating populations probably hid the genetic evidence
of the later migrations in previous, more limited analyses.
It looks like more than one group of people was able to
achieve this ultimate survival feat after all.
Reich et al. (2012). Nature. Published online July 11, 2012.
10.1038/nature11258.ta, GA 30322, USA
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Locus Flip Flop
We have gotten really good at sequencing DNA and count-
ing copynumber.Oneof the things that get lost in all of this
genome analysis is some of its actual structure. Chromo-
somal region 17q21.31 contains a well-known inversion
polymorphismand is structurallypolymorphic. Twogroups
recently used a combinationof techniques in order to better
understand the complexity of this locus in the human pop-
ulation—andcomplex it is. Together, thegroupsdefinenine
haplotypes and derive a likely evolutionary history for the
locus. Of these nine, only one has homologous segmental
duplications in direct orientation, leaving it most suscep-
tible to nonallelic homologous recombination between
the duplicated segments. This haplotype is largely restricted
to Europeans, explainingwhy cases of 17q21.31microdele-
tion syndrome are almost exclusively found in this popula-
tion. Perhaps also of significance to human health is the
evidence of natural selection in the region. A similar dupli-
cation occurred independently on the two major haplo-
types at this locus, and both of these haplotypes rose to
high allele frequencies in the European population. This
could reflect a selective advantage for the duplication,
although it is not yet clear what the selective force is. As if
that weren’t enough of a flip-flop for this region, a stretch
of sequence with strikingly low genetic diversity between
the two main haplotype orientations hints that the two
haplotypes could have recombined after they diverged.
Meltz Steinberg et al. (2012). Nature. Published online July 1,
2012. 10.1038/ng.2335.
Boettger et al. (2012). Nature. Published online July 1, 2012.
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Researchers have been quite successful at finding the
common variation that contributes to complex traits;
therefore, many are now trying to wade through the
rare variation that might also play a role. Two recent
papers in Science give us a good look at rare variation in
humans, and the data suggest that the task of associating
this variation with human traits will be a difficult one.
Tennessen et al. assessed variation in >2,000 exomes,
whereas Nelson et al. measured this variation in 202
genes sequenced in >14,000 individuals. Both studies
suggest that the recent population explosion has left an
excess of rare variation in the human population and
that, not surprisingly, this variation is more likely than
common variation to be population specific and even
geographically restricted. Association studies will thus
be extremely challenged when it comes to avoiding
issues due to population stratification and also to repli-
cating findings in more than one population. The data
suggest that the interpretation of this variation will be
difficult, even for more simple traits. First off, the vast
majority of the rare variation in these studies was novel.
Furthermore, each of us is likely to carry several nonsense
variants—including at least one homozygous or com-
pound heterozygous sequence variant—some of which
have been reported to cause disease. Hopefully having
a better understanding of these challenges will help us
to overcome them as we seek further disease-causing
genetic variation.
Tennessen et al. (2012). Science 337, 64–69.
Nelson et al. (2012). Science 337, 100–104.0, 2012
